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The Effect of Smoke on Plants 
A. L. BAKKE. 
Assistant Professor of Botany, Iowa State College 
Almost every industrial town or city in the United States has 
at least one thing in common, and that is smoke. It is only of 
comparative recent date that smoke has been given serious con-
sideration, outside of the office of smoke inspector and members 
of the anti-smoke league. The question of smoke is not a new 
one, for publications as to injury and legislation, date back to 
1845. But since that time, we have had the great movement of 
people from the country to the city, in addition to the great im-
migration tide and the result is that large industrial centers 
have been built up. Smoke then has been considered as a 
''necessary evil'' and has been looked upon as showing signs of 
prosperity to such centers. 
But through the efforts of engineers, for the greater part, the 
economic side of the question has been presented. These men 
are of one opinion that smoke is a wasteful and unnecessary pro-
cess; that smoke, black in color, reveals the fact that incomplet~ 
combustion is in operation, and as a result of incomplete com-
bustion, a large number of heat units are lost. It is their pur-
pose to install smoke consumers or preventers, whereby there 
will be an elimination of CO 2 and SO 2 as the only products. 
To the city forester the smoke problem comes in for due con-
sideration. Often he is called upon to establish a civic center, 
which may be desired in the center of a city. It is certainly of 
interest to him to know, at least the general nature of trees that 
are able to withstand smoke in comparative large quantities. 
It is the common experience of those who have lived in an 
industrial center, that the forms of plant life are scarce, and 
often the little that is there, is in a pathological condition. Trees 
may be scantily clothed with leaves, or there may be a large 
number of dried branches. Everything else being equal, the 
amount of smoke decreases with the increase of the distance. 
The increased distance from the center reveals additional spe-
cies of plants; the same species have a heavier foliage, and gen-
erally a better vigor and tone. With these facts in mind, the 
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geenral .assumption is that certain species are able to withstand 
greater amounts of smoke and gaseous wastes than others. It 
has been found possible to measure out various smoke belts from 
the nature of vegetation present. This can be accomplished con-
veniently for a centralized industry and has been done for two 
steel plants near Chicago ; it also may be done for a whole city of 
which the work in Des Moines, Iowa, is an example. 
With these ideas in view the author has been able to mark 
out a smoke zone and this general zone is marked off into belts 
that are quite different in extent and in the nature of species of 
plants present. In a survey made of the territory at South Chi-
cago, the home of the Illinois Steel Co., and of the territory 
dominated by the Wisconsin Steel Co. plant, it was found that 
these belts are especially well marked. The city of Des Moines 
offers conditions that are just as simple. It is, then, the purpose 
of this paper to ascertain the extent of the injury as would be 
gathered from such a survey ; further than that, it is the pur-
pose to mark out these belts and show the extent of such injury 
by the different floral belt demarkations as represented by out-
standing plants and show the general physiological action in-
volved. For the furthering of this idea the following belts have 
been marked out: (1) restricted annuals; (2) numerous an-
nuals ; ( 3) willow ; ( 4) cottonwood ; ( 5) bur oak ; ( 6) other de-
ciduous trees; ( 7) conifers; ( 8) pleurococcus. 
In the restricted annuals belt of the Illinois Steel Co. region, 
higher plant species are cut down to the prostrate pigweed 
(Amaranthus blitoides Wats.), fescue grass (Festuca ovina L.), 
milk purslane (Euph01·bia maculata L.), old witch grass (Pani-
cum capillare L.). These species are the remains of a gradual 
elimination process. These annuals, often stunted in size so as 
to be extremely hard of identification, represent the only forms 
of plant life that are able to grow under extreme conditions. In 
the Des Moines survey, crab grass (Digitaria sanguinalis (L.) 
Scrop.) is also present. In a city such as the Iowa metropolis, 
it is not an easy matter to map out this belt for the city as a 
whole. But for manufacturing concerns situated out from the 
main business center of the city, this area of restricted annuals 
can be easily deterced. The extent of the belt will vary accord-
ing to the nature of the concern. Ordinarily the radius will not 
be more than five hundred feet. 
A street scene in the smoke zone. The upper branches are dead. In the belt of the restricted annuals. 
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The next belt includes a larger number of annuals, and has, 
therefore, been designated as the belt of numerous annuals. It 
comprises such common species as the .cockle bur (Xanthium 
canadense Mill.), ragweed (Ambrosia artemesifolia L.), yellow 
foxtail (Setaria glauca (L.) Beauv.), green foxtail (Setaria vir-
idis (L.), Beauv.), hedge mustard (Sisymbrium altissimum L.), 
rough pigweed (Amaranthus retroflexus L.), barnyard grass 
(Echinochloa crusgalli (L.) Beauv.), beggar's ticks (Bidens 
frondosa L.), squirreltail grass ( 01·deum jubatum L.), Russian 
thistle (Salsola Kali var tenuifolia G. F. W. Mey.). Tlie extent 
of this belt occupies an area having about twice the radius of the 
former. 
The willow forms the conspicuous tree representative of the 
third belt. Its foliage is heavy and discolored spots are few in 
number. The annuals of the two former belts are present but 
the leaf surface is much greater in the representatives of the wil-
low belt than in those of the previous ones. A number of other 
species such as lamb's quarters (Chenopodium album L.), pep-
per grass (Lepidium apetalum Willd.), blue vervain (Verbena 
hastata L.), horse-weed (Erigeron canadensis L.), evening prim-
rose ( Oenothera biennis L.), five-finger (Potentilla canadensis 
L.), dandelion (Taraxacum officinale Weber.), Aster sp., wild 
lettuce (Lactuca scariola L.), goldenrod (Solidago sp.), blue 
grass (Poa pratensis L.), milkweed (Asclepias syriaca L.) are 
present. 
The next belt designated as the cottonwood belt is represented 
by the cottonwood (Populus deltoides Marsh.). Often the cot-
tonwood is present in the previous belt but in this one this tree 
has well formed growth rings, and a full foliage. Besides the 
cottonwood, the elm (Ulmus americana L.), ash (Fraxinus 
americana L.), sycamore (Platanus occidentalis L.) and locust 
(Robinia Pseudo-acacia L.) may be in a pathological condition 
as a result of having too many gases to contend with. In the 
business center of a city like Des Moines, the tree growth and 
development, seldom pass beyond this belt. The same general 
consideration is true for large manufacturing plants. A very 
good example of this state of affairs is brought to our attention 
in the case of the elms growing in the park of the Des Moines 
pumping station. According to the superintendent the trees 
were planted twenty-five years ago, but the actual size of the 
THE EFFECT OF SMOKE ON PLANTS 51 
trees would suggest an age of one-half that period. The branches 
have become dried at the tips; the leaves, as to number are far 
less than they ought to be, and fall prematurely. The superin-
tendent, also informed the writer that hundreds of dollars had 
been spent in trees and shrubbery, but had taken a shorter time 
for their elimination. 
Where the oak association represents the climax type of forest, 
as was the case for the Illinois Steel Co. territory, the bur oak 
(Quercus macrocarpa Michx.) may be used as a smoke index. 
On the Stony Island region, the bur oaks, for an approximate 
distance of a mile and a quarter, show the effects. The limbs 
are partially or almost completely killed. The branches are 
short and somewhat twisetd. The bark appears to be unusually 
thick for the species. 
The next area is represented by the common deciduous trees. 
At this time they are in a thriving state. The heavy foliage, the 
general tone and quality would lead one to assume that the 
smoke gases are at least too dilute to do serious harm. 
The conifer belt represents a portion that is one step in ad-
vance of the former. The Conifers, that is pines, spruces, etc., 
are far more susceptible to smoke injury. This is due to the fact 
that the leaves or needles of these trees have deep seated stomata. 
As smoke contains a considerable am01mt of tarry material, it 
will then clog up these small pores. In addition to this tarry 
substance in smoke, it is enabled to adhere more closely on ac-
count of the resinous secretion of such trees. 
That plants can be used to designate small amounts of smoke 
is readily noticed in the instance of the green alga (Pleurococ-
cus) occurring on the north side of trees. In the survey of the 
city of Des Moines, this little plant form had a definite ratio 
to the amount of smoke present. 
It has been convenient to represent the amount of smoke in-
jury, by the eight different belts. These belts cannot be laid 
down as permanent, to a great extent they are somewhat elastic. 
For instance, it often happens that the first two belts will over-
lap or perhaps the bur oak belt will coincide with the ather de-
ciduous tree belt. Even by taking these points in consdieration 
the various belts represented by characteristic plants, show the 
nature as well as the amount of smoke emitted. This is due to 
the fact that certain trees possess leaves that on account of their 
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anatomical differences or other causes make them more suscepti-
ble than others. The cottonwood possesses a comparative thick 
epidermis which is cutinized. The cells are also very compact. 
The sycamore has epidermal cells that are thick but the cells are 
loose. Further than this the cutinized surface is absent, and a 
wavy or undulating surface is a part of the leaf structure. In 
the first case the ash and tar will not be able to adhere while 
in the latter the material clings. Conifers on account of their 
deeply sunken stomata are not resistant to smoke. According to 
Hedgcock• they show a difference in ability to withstand 
smelter fumes. The species in order of susceptibility to injury 
are as follows: Abies lasiocarpa (Hook) Nutt., (Alpin Fir); 
Pseudotsuga taxifolia (Lam.) Britt., (Douglas Fir); Pinus con-
torta Loud, Picea Engelmanii (Parry) Engl. (Englemann 
Spruce), Pinus flexilis James (Limber Pine), (Juniperus scop· 
ulorum Sarg. (Rocky Mountain Juniper), Juniperus communis 
L. (Dwarf Juniper). 
The whole question of smoke injury to plants from a physio-
logical basis, revolves itself about the question of assimilation. 
It comes to be a question as to whether or not sufficient food is 
present for growth and development. 
For photosynthesis, light is one of the main factors. An at-
mosphere filled with smoke does not offer the same contact with 
the light that it would was there no tar present. It has been 
stated that the stomata are not directly concerned. In examin-
ing cross sections of pine needles taken from a smoke region, the 
stomatal cavities have been found to be at least partially filled 
with the tar mixture. Cohen and Ruston .. have called atten-
tion to the same fact at Leeds in connection with the silver fir. 
Such a deposit will also interfere with the transpiration stream. 
Crowther and Ruston• have found a difference in the rate of 
assimilation of C. by laurel leaves, by leaves taken from a 
smoke region and those under natural circumstances, by use of 
the direct method of Brown & Escomb.. in their classical re-
search on C02 intake. 
Assimilation is also diminished through a cutting down of the 
assimilating device, the leaf surface. This is accomplished: (1) 
* Torreya 12. No. 2. Feb. 1912. 
** Smoke a Study of Town Air. London, 1912. 
* Jour. of Agrl. Sci. 4:25. 1911. 
** Phil. Trans. 193:289. 1900. 
A Scene along the right of way of the C. R. !. & P . R. R . 
Tops of trees are killed 
Trees growing near manufacturing concerns are generally 
in the condition as represented in illustration 
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by a loss of leaflets, as in a compound leaf; (2) by curling; (3) 
by the formation of spots. 
The loss of leaflets by a compound leaf is of common occur-
rence, as witness the leaves of the honey locust ( Gleditsia 
triacanthus L.) and the common locust (Robinia Pseudo Acacia) 
in Bessemer Park at South Chicago and also . in the smoke zone 
of Des Moines, near the Des Moines Bridge & Iron Works. 
Trees in a smoke district where fumes of 801 are present, 
often have leaves that have their tips browned and curled. As 
~uch, the leaf will be twisted from its normal position, and as a 
result the amount of surface area exposed to the light will be 
cut down. This feature is well marked out in the sycamores 
that have been planted along the cinder path, near the heating 
plant of the college, at Ames, Iowa. The leaves were either in 
a condition as mentioned or else the trees had lost all their 
leaves. 
Where the 802 supply is intermittent, brown locahzed spots 
are produced. '!'here may be an accumulation of these lesions 
to such an extent as to materially cut the leaf surface. 
For the purpose of ascertaining the true nature of smoke 
or gases upon plants, the Pleurococcus was used. In this con-
nection acetylene and 802 were used the most extensively in 
proportion approximately equivalent to 1-3500 for four days. 
At that time plasmolysis had taken place. It was found for 
Pleurococcus that 802 was slightly more toxic than acetylene. 
Where two gases were placed together to such an extent as to be 
equivalent to the one by volume, a greater plasmolysis was 
present. It is also true that the amount of smoke injury, or 
the proportion may be checked up by the amount of tannin pre-
cipitated with iron chloride. Where there were two gases the 
amount of tannin precipitated was greater. Gatin• in his paper 
on the effect of tarred roads upon trees, calls attention to the 
large amount of cork deposited in the petioles of leaves that are 
subjected to these dusts. · 
With the light intensity cut down, and with laboratories run-
ning at less than the normal output, the question o:i assimilation 
becomes a serious one. As food is stored from the trunk upward, 
there is not then, under the above conditions, sufficient time for 
* Ann. des Sci. Bot. 15:165-255· 1912. 
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a complete storage to the tips. The result is that the tips are 
the first to be deserted. When sufficient food is not present, a 
gradual falling off, of growth and development, is a necessary 
consequence. The result is a gradual starvation and the final r e-
sult is death. 
Whenever pathological conditions are present, measures for 
checking or preventing the cause for the disease should be 
taken. Plans that at least will assist in controlling the amount 
of smoke in a city are problems to be solved jointly by the engi-
neer and the forester. For the engineers, there are various de-
vices that give rise to complete combustion of coal whereby C02 
and 802 are the only substances to contend with. It is always 
easier to handle a single compound than a mixture. For the 
city forester, there is the question of selecting plants for shade 
purposes, for civic centers, etc. He should be familiar with the 
vaious forms of smoke injury, to such an extent that he will 
not plant trees, shrubs, or herbs, that are highly susceptible to 
smoke. Further than this there must be a cooperation on the 
part of the manufacturer as well as that of the public, wher eby 
there may be a general movement of the belts that show a slight 
amount of injury, further toward the business center. Although 
smoke is produced by local fire-places in the residential portion 
yet in an industrial city like Des Moines the manufacturers and 
factories are the most ardent violators, and it seems certain that 
if smoke is prevented in the business section, the belts r epre-
sented by small amounts of smoke, will move at least closer to 
the business center. As a final conclusion there must be a co-
operation between such parties as the engineer or smoke inspec-
tor, the manufacturer, the city forester, and the general public 
for the eradication of the smoke problem. 
